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[0001 ] The present invention relates to viral vectors and vl ir al DNA. discoveries 
[0002] Adenovirus has been studied .for ite ^^STSSSi "^ t^nsfor^ (reviewed in 44) 
in molecular biology, .nclud.ng mRNA splicing, ^^^^ ( ^ 2 46) a detailed understanding of the aden- 
and more recently as a powerful reagent for trans ent gene exp ession ( 2 4 ^ * ° vector 
ovira. .He cycle is well established (reviewed in ^^^^oTSnelating alterations in the viral 

0 8. 52, 28) the virus has gained in popularity as a vector and a ™^ r £ m «™ 38 9 41 43 43 rwiewed in 31 , 49). 
genome to carry novel genes have been *>***£^ 1 ^ ;~ £ ; ectore M a potent ability to tran- 

SSKSSJ ^TMWSSSS^ in - — ve * ore were used 

success in the initial applications. These ^ ^^f.^™^^^, 59). Thus, there is now an interest 

tions over Ad5-based vectors. Additional adenoviruses hat have re ^ y adenovirus (30). It is considered that 
adenovirus 287 (53, 56). the bovine adenovirus type 3 («Jf0). andfte « ^JSTSr. is no pre-existing immune 
these annate serotypes would provide both a emCspS specl in their "epilation 

c^(S^ 

25 ^^btnTSec, of the invention to provide an alternative adenovirus vector for use as a gene delivery 

IS Tosolvetheproblemunderly^^ 

modi. CELO (chicken embryo lethal orphan or ^^^^JTuTntJ o CElSWus infection. CELO 
^^.rusiss^^ 

capsid of 70-80 nm made up of hexon and penton structures (33). tne otLu vu us, a 

molecule w*h the DNA condensed within SXent lengths 
larger genome than Ad5 (44 kb vs. ca. 36kb. ref. WO 97/40180)^ TtieObi^ vi o js not 

at LcS vertex (24. 33. 35) rather than ^^^ Q ^^^^^^L E1 activrty (37). The 
able to complement theE^^ 

complete DNA sequence of CELO (6. WO 97/401 , , E1 A E1B , E3 and E4. The 

tadenoviruses including the absence of sequences corres P°<*'"St° the Ad 5 earty eg jp reading 

<o CELO genome contains approximately 5 Kb of •J"™*^'^ ^ " of the virus. 

frames, which have no sequence homology to Ad5 but P^**™** ™£l ^ ° at tne M is Rurally defec- 

convenience (9. 33). fc ^ iar eeoiiences of CELO. i.e. the leftmost 5 kb and right- 

[00091 In the experiments of the present ^ on ^^^^^ <Ah& adenoviruses, have been 
most 13 kb of the CELO genome that are largely ^'^^ ^^r^Ltion of these left and right end 
examined. Viral genetics have been used ^JT^J^^^Z to tfentfy the regions essentia, or non 
CELO sequences. Viral sequences have been deleted in discrete steps in oroer 1 J egression cassette was 
essentiaTtor rep.ication. To facilitate 
inserted in P^ede.eted seq^ 

homologous recombination ,n E. col. (5) ;S^"^^f ™ support ing wikttype CELO replication. Transfection 
digestion, the viral genomes were transfected into ach^ckenj eH '^^^T^leneimine (PEI) mediated trans- 
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1001 0] The present invention relates to recombinant CELO virus and C Fi o x/ir, .c nwA ^ ^ 
s ning nucleotides ,4173,-43684 of the CELO wild typeVr^^Z^ ^ ^ SPan " 

redely ^ PNA) ™ d '* have been des ® nated CEL0 MM * or CELO AIM46 derivatives. 

!7l Sm££. emb0dim6nt - the invention is directed to a CELO A.M46 derivative with a deletion that spans the region 

W fe^l^ 

The modified viruses of the invention, which are derived from CELO virus contain deletions at the rioht on« ^ *, 
SET 3 M reP ' iCati0 r n ~ mPe,em ^ C " n ^ 31 ,e3St 1 7 "> more DNA ^e wXe genome 9 * 
Sees for CEL ° and CEL ° VirUS ° NA ° f the invention carryTdeSon of wild type CELO 

♦u ue5 ' Ine ierm,n a' repeat function of the virus norma y residina within the inn 9nn k« ~* 

*pes. generating .nformation that is important for developing applications of this vector CELO MM^^Jm 
aSS Vur^^h^il, . 6 mark6r 9ene " Sur P risi "9'y- in * variety of mammalian cell types. CELO 
50 Elves 3 fUrthSr emb0diment - the invention relates t° *• production of recombinant CELO A.M46 virus and its 
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[0027] mm~« «. — ^"^Kl^^S* 

ro^r^rr^^^ 

into oeR «rat support CELO virus raplioation, as .-...enoes Sum nt 1 -5503 ana 30502-30644 

,0029] in trre case or CELO A^^"^^^'^^^.!! aversion oassatra. a* a 
and 40064^3804. An EooRV tragnrant ^S^I l*aj. .aoombinad «ith «M lypa CELO DNA 

SSS»SSSTS: , SS 255=5 * *5 *— - — - - H c * 

^'•^S^n^can^pan^n^rn— "^EOT-S^SM! 

desired deletion/insertion. nft nome reaions that are essential for virus replication 

[0 031 ] in the experiments of ^^^^^J^J^^ can be de.eted and supplied in trans 
were identified. Most importantly, a region in the left end ot tne comp | erT , em ing cell line. Furthermore, a 
has been identified. This region may therefore be ^^^^^Zl^T^J^ effects on virus repli- 
region in the right end of the genome has been identified £ ~ be 

calion in either cell culture or in embryos * ™ 3^ 1 "l* of DNA sequence 

inserted in this region. It has been demonstrated tM £ELO vectore can pactage an add ^ 

functioned with transduction efficiencies comparable toAdS Rectors. re p, iC ation can promote 

the individual. w~ /Q inn«i in recent times including a vector based 

[0034] A variety of canine adenovirus type 2 

on the bovine adenovirus type 3 (40), on the ovine ade n» ^^VJ^ Vor vaccine applications in their non- 
40 (30). The are several justifications for P u ^^^^ te ^'^S^ mn 2ne Sponges than a human aden- 

« CELOAIkMSandtedarrvMr-aaaraiONrVsu^ 

,0036, Ex^as fe, a~n .aoana apptarOon, £a g»an £ TO OWOl ^•^^^SSon. ara ansgana or 

case, the foreign DNA encodes an antigen derived from ahurnan p^ea {or 
cellular immune response to transduced cells. A pat ent mayl Jave no vec tor; 30) and initial 
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previous immune exposure to CELO antigens would not be expected in most of the human population. CELO vectors 

might therefore have an advantage over vectors based on more common human adenovirus serotypes 

[0038] An additional conceptual advantage of CELO based vectors of the invention is that CELO like the bovine 

ovine, and canine adenoviruses, is naturally replication defective in human cells. Thus, replication of these vectors is 

ESLoi ° CCUr patiertS even in the P resence of a wi^ype human adenovirus infection 

10039] Furthermore, the ability to generate a replication defective CELO vector will be facilitated by the deletion 

m ^ he Pfe f 6nt inVenti0n - 1116 ,indin9S of the presert invention P rovide the ^sis for constructing cell 
lines expressing CELO complementing functions. a 

J0040] For gene therapy applications, the foreign DNA may comprise any one or more DNA molecules encoding a 

ttierapeutcally actrve protein. Examples are immunomodulatory proteins like cytokines; receptors, enzymes, proteins 

mS?2 ^ !!' et !; FOr tum0r vaccine aPP'ications. the foreign DNA encodes one or more tumor antigens or frag- 
ments thereof, preferably in combination with a cytokine. 

SU!L f^?,!" hUma " VaCCine plications, gene therapy and tumor vaccine applications are given in WO 
97/40180. which is fully incorporated by reference herewith. 

S!*, 21 « ^l 0 ^?^ mS ° f inVent0n iS 3,50 USeful for P roducin 9 a"/ protein of interest. In this embodiment of 
the invention the CELO vms is engineered, as described above, by introducing the cDNA encoding the protein of inter- 
est into one of the insert,on sites of the recombinant CELO DNA of the invention. Virus may be obtained by replication 
38 d f f° Ve - "* the recombinant vi ™ j s introduced, preferably by injection into the allantoic 
£ "T Preferabl * approximately 10 9 particles are introduced into the allantoic cavity of 7 to 9 day 

rJl^l I yOS '„ ! ^ SUbSeqU6nt,y incut »t«l for three to four days at 37-C.The recombinant material is then 
recovered from the allantoic fluid. 



Brief description of the figures: 
25 [0043] 

Figure 1 . Construction of plasmids carrying wildtype and mutant CELO genomes 

Figure 1 A. Construction of a plasmid bearing the termini of the CELO genome 

30 

Figure 1 B. Cloning of full length CELO genome as a bacterial plasmid 

Figure 1 C. Cloning of modified versions of the CELO genome 

35 Figure 2. Analysis of CELO left end mutations Figure 2, upper panel: Open reading frames Figure 2, lower panel- 
Analysis of replication K 

Figure 3. Analysis of CELO right end mutations Figure 3, upper panel: Open reading frames Figure 3, lower panel- 
Analysis of replication ^ 

40 

Figure 4. PCR analysis of wt CELO vs. CELO AIM46 

Figure 5. Immunofluorescence, monitoring the replication of wildtype CELO vs. CELO AIM46 

45 Figure 6. Heat stability of AIM46 vs. Ad Luc 

Figure 7. Tropism of CELO vs. Ad5 

Figure 8. Transduction of EGFP using recombinant Ad5 or CELO vectors 
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Figure 9. Analysis of CELO right end mutations Figure 9, upper panel: Open reading frames Figure 9, lower panel- 
Analysis of replication 

[0044] Unless otherwise stated, the following materials and methods were used in the Examples: 
a) Cloning the terminal fragments of the CELO genome 

[0045] The two terminal Hindlll fragments of CELO were cloned. CELO genomic DNA (CsCI purified) was digested 
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with Hindlll the 1601 bp left end fragment and the 959 bp right end fragment were punfed from a low melting agarose 
TheTends of adenovirus genomes are linked by a phosphodiester bond to a senne residue on the viral terminal 
orote^n (22 ^ EnaHnB after proteinase digestion must be removed to allow ligation and cloning 

Sin Jy the termirSSdes were removeo from the DNA fragments by adding NaOH to 0^3 N and heatngat 37 
£ to r90 r^esS t£> solutions were then cooled to room temperature, Tris pH 7.4 was added to 0.1 M and HCI 
was^dde? to 0 3 M to neutralize the NaOH. The fragments were heated to 56'C for 20 minutes and slowly cooled to 
Sm^ 

New England Biolabs cat # 1085) were added and each fragment was cloned v.a Spel and Hindlll srtes nto ^ ?BR327 
GenS L?8sS ref 51) derivative containing an Spel site in a destroyed EcoR1 srte (see f.gure 1 A). Both tte eft 
and th^ighf iefSnamindl. I fragment were doned in this manner and DNA sequence analys,s was performed to verrty 
both terminal 300 bp of both fragments, 
rooaei Subsequently the two CELO end fragments were cloned into a pBR327 derivative containing an Spel srte 
a olsloyec f itcoS ie arS a cial/BamH. excision to remove me second Hind ... site, creating the plasmid P Wu-H35 
(see figure 1A). 

b) Cloning the entire CELO genome 

ro0471 Hindlll-linearized, alkaline phosphatase treated pWu-H35 vector was mixed with purified CELO virus > DNA 
Soduced nto electrocompetent E. coH JC8679 (17, 42) by e.ectroporation. Recordation between the CELO 
tormlnall^uences on pWu-H35 and the termini of the CELO genomic DNA generated an plasm,d conta.nmg a fu.. 
length CELO genome (pCELO) flanked by Spel sites (figure 1B). 

c) Modifications in the left end of the CELO genome 

[0048] The lucrferase cassette containing the Cytomegalovirus immediate early enha 

cDNA (14) followed by a rabbit pglobin intron/polyadenylation signal wasdenved from pCLuc 45^ modrf ed by PCR Mto 
^^nidnoBai^l sites and cloned into pBlueScript .1 (SK) to generate pBlueLuc. For most of the CELO insertions 
^.ucfe^ PBlueLuc by BamH1 diges.cn and the termini were made blunt by treatment 

ISS^fSSL of the left end CELO region were made using pA.M3, which contains, on a pBR327 backbone 
h?CELO left enolm 1 to sS>1) and a portion of the right end (nt 30500 to 30639 and nt 40065 to ^.den^y 
Zwtoa an , aStib fragment from pWOHpa). The deletions in the CELO genome involved digestion of pAIM3 at two 
enZelrti in*tne CEl3)Te?end sequence! excision of the sub-region foHowed by insertion of a .uaferase , ca^ 
ISo^ations were conf irmed by restriction analysis and sequence analysis. Tnis strategy was used to generate *e 
35 tracer pSmX PA.M7 16. 22. 23 and 24 (see Table 1). The CELO nucleotide sequence numbering .s denved from 
reference 6 and QenBank U46933. 

d) Generation of recombinant CELO genomes 

M rooMl TheDlasmidspAIM7 16. 22. 23 and 24 were linearized by double digestion using Asp71 8 and Hpal^ and 
eSlined^CS 2 CELO DNA using homologous recordation in E co„ BJ5183 (5 13) to generate the CELO 
L^nml rta«;mids DAIM1 1 21 25 26 and 27. Figure 1 C and Table 1 illustrate the applied techmque: 
SET Sut fc stows L dorrfng^ modrL versions of the CELO genome. Step 1 : Transfer vectors were pro- 
S by Su.lnrsSagments of the CELO genome, as either pW0-H35 (with the terminal H,r*d.lT fragment of 
CELO) or pWOHpa (w^th the iermina. Hpa . fragments of CELO) using standard hgat.ondon.ng methods ^n orderto 
delete porTons of the CELO genome and insert a ludferase cassette. Step 2: the lineanzed transfer vector was ^oom- 
binS f wSr whdlype genomic CELO DNA. Recombination occurs in two ways, either to include the delet.onrfucrferase 
isStToMo SreThe deletiorvludferase cassette to generate a wildtype CELOplasmid 
dtsired mutation were identified by restriction enzyme digestions and sequencing and used t° mrtiate virus infection, 
(all constructs were sequenced across the deleted regions to verify the construct; see Table 1). 

e) Modifications in the right end of the CELO genome 

r00521 Using methods similar to those described above, plasmids containing both the left anc I righl t Hpal fragments 
of^ELO werTgene raS and manipulated to insert the luciferase cassette and to remove an EcoRV fragment from 
ertheT 3^58-436^ (pA«M43) or 41731 -43684 ( P AIM44). These plasmids were linearized £ the umque Hpa I sfte and 
recombined in BJ5183 cells with wildtype CELO DNA to generate either pAIM45 or pAIM46. 
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f) Evaluation of the recombinant CELO genomes on UvlH cells and preparation of viral stocks. 

l °°t 3 L, Hi 6 : ecombinant CEL0 P tesmi * were digested with Spel to release the viral genome from the plasmid 
extracted wrth phenol, with chloroform and then purified by gel filtration (Pharmacia Nick Column) equilibrated with Te' 
Transfection complexes were prepared using a modification of the PEI technique (1 , 3). The DNA was con- 

u«« T?J 5 ^ **** 3S followS: PEI MW 2000 < 2 5 01 10 mM PEI in 125 Ml HBS (150 mM NaCI 20 mM 
HEPES. pH 7.4)) was added dropwise to 3 ^g of DNA diluted in 1 25 |il of HBS. The sample was incubated at room tem- 
perature for 20 minutes. Subsequently. PEI MW 25000 (3.5 of 10 mM in 125 »xl of HBS) was added dropwise to the 
sample and Ihe complex incubated at room temperature for an additional 20 minutes 

S 551 ., * L ,f? h ° m Ma>& He P atoma (L-M") cells (27) were seeded the day before transfection in 24 wells plates at 7x 
10 cells/well (24 well dish). For transfection. the cell culture medium was replaced by 400 Ml DMEM supplemented with 
10 ng/ml polymyxin B (no serum). The transfection complex (90 jil per well) was added to the cells tor 4 hours at 37°C 
after which the medium was replaced with fresh, serum containing medium. Transfection effiency was monitored by 
measuring luciferase activity in cell lysates at 24 hours post-transfection. 

[0056] To test for amplification of virus, cleared lysates from transfected or transduced cells were prepared as fol- 
lows. Cells plus supernatant were harvested, collected by centrifugation and the cell pellets were resuspended in 2 ml 
of Processed supernatant. The material was frozen and thawed 3 times, sonicated in a bath sonicator to release viral 
particles the cell debris was removed by centrifugation. and the cleared lysate used for further amplification on fresh 
curtures of LMH cells. CELO purification by CsCI gradient was performed as previously described (9). Virus was quan- 
tified based on protein content with the conversion factor of 1 mg/ml protein equal to 3.4 x 10 12 virus particles/ml (34). 

g) Construction of EGFP expressing CELO AIM53 

I k? 57 L u ^ luciferase cDNA in P AIM46 was replaced by an EGFP cDNA to generate pAIM53. The replacement was 
hma ? h ° mo,ogous ^combination in E coli between pAIM46 linearized at the unique Pad site in the luciferase 
cDNA. and pAIM52. a transfer plasmid carrying an EGFP cDNA under the control of the same CMV promoter and 6- 
glob.ni intron and polyadenylation signal used in the luciferase cassette of pAIM46. thus providing homologies for 
recombination. 

30 h) Generation of recombinant type 5 adenoviruses 

[< ^ 1 «„, AdU,c: 7,18 luciferase cassette was cloned via the flanking BamHI sites into pDEIsplB (2) to produce 
PDE1 sp1 BLuc. with the luciferase cDNA in the same orientation as E1 transcription. Recombinant virus was generated 
using recomb.nat.on after cotransfecting P DE1sp1BLuc with pJM17 (2) into 293 cells (19). 10 days post transfection 
celte lysates were prepared, used to infect fresh 293 monolayer and virus was amplified from a single plaque. The virus 
stock used here was prepared from material that was subsequently passed through 2 additional rounds of plaque puri- 
f.cat.on amplrhed, punfed by banding in CsCI and quantified by protein content (1 mg/ml protein = 3.4 x 10 12 virus par- 
tcles/ml; ref. 34). 

[0059] AdGFP. A fragment containing the CMV promoter. EGFP coding region and SV40 poly A sequences was 
excised from the pEGFP-C1 (Qontech) using Asel/Mlul. Overhanging ends were filled in by Klenow and cloned into 
the EcoRV srte of pDEI sp1 B (2) with the EGFP cassette in the same orientation as E1 transcription. Recombinant virus 
was generated as described above using recombination with pJM1 7 in 293 cells. 

i) Analysis of heat stability of viruses 

[0060] CELO AIM46 and Ad Luc were diluted to 4 x 10 9 particles/100 nl concentration in HBS (final glycerol con- 
centraton was 2.4 % (volArol.) and exposed for 30 minutes to temperatures ranging from 48 to 68'C. Subsequently alia- 
uots of the virus were tested for the ability to transduce luciferase activity into either A549 or CEF38 cells. 

so j) Immunofluorescence 

I0 ?f !? i^LfJ! 5 Were P ' ated on 9 e, atin-coated glass slides (Labtek, Nunc) at 10 s cells/chamber and infected the 
next day wrth CELO AIM46 or wilde type CELO virus at 500 viral particles/cell in DMEM medium containing 2% FCS 
« * md,Ca Xed bme after infection - cel| s were fixed in cold methanokacetone (1 :1) at room temperature and 
pfo ^'oof 4 Were v,suali2ed «" immunofluorescence as follows: nonspecific binding sites were blocked using 
PBS+1% BSA at room temperature for 1 hr. Polyclonal anti-CELO antibody was diluted 1:1000 in PBS+1% BSA and 

^ * Te *' 5 minirte washes in PBS 31 room temperature, a goat-anti-rabbrt (Boehringer-Mannheim) 
deterton antibody coupled to FITC (1 :400 dilution) was added in PBS+1% BSA. The slides were again washed DAPI 
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included in the last wash for visualization of the nuclei and the slides mounted in MOWIOL for examination by flu- 



was 

orescence microscopy. 



k) Generation of anti-CELO virion polyclonal serum 

^Z^^^X^'^^^Z^^^ <~ — ****** 

with all major CELO capsid proteins but not with lysates of non-infected avian cells. 



I) Additional reagents 



nrai Wildtvoe CELO (FAV-1 , Phelps) (Avian adenovirus Type 1 . Chicken Embryo Lethal Orphan; CELO American 
Ze LtSS^%CC VR-432; siain: Phe.ps; (57)) was purified from infected chicKen embryos as previousfy 

'I* LMH cel. line (27) was obtained from ATCC 
the ATCC NoCCL-185. according to 

ZSTaSSL ' SS iSX M does nofsupport CELO replication. AH tour cel. types were cultured in 
SSJTS 7CS The 293 cell line (19) was obtained from the ATCC No. CRL-1573 and was cuttured ,n MEMalpha 
with 10% newborn calf serum. 

Example 1 

25 Construction of a plasmid copy of the CELO genome 

rooBSl initially the terminal Hindi II fragments of CELO were purified from CELO viral DNA. treated with base to 
Se the SmLTpSs linkers ending Spe. restriction sites were added and the two termina MM 
XZZ nn the ^on-ect orientation into a low copy number plasmid (Figure 1 A depicts the construction of a plasmid bear- 
so Zte Z^ZTc^Z cELO genomic DNA was digested with Hind.... the ^-^^^ 
Sated treated to remove the terminal peptides and cloned as Spel. H.ndlll fragments after addition <* 
S^SrattTplwM PWQ-H35.). This plasmid encoding the two ends of the virus (pWuH-35) was Imeanzed wrth the 
SSSSS Se and Combined with CELO genomic DNA to generate a full length CELO genome Mby^ 

ai H3^?InearSd wfSTH.ndlll and recombined with CELO genomic DNA to generate the full length plasmid 

£! the CELO g^ome The natural terminal repeats were flanked by Spel sites to allow excis.on of t» vra 
^ the baS plasmid There are no Spel sites within the CELO genome.). Several independent clones o 
?he vS glome ^e ^ and the correct structure was verified by restriction analysis and by the production of 
virus upon transfection. 

Example 2 

a) Analysis of unique sequences required for virus replication. 

r00661 A screening method for determining the requirement of CELO sequences for virus replication was devel- 
^Deletton^ 

SfJtSril Tin all cTses * e deleted viral sequences were replaced with a luciferase cassette to allow monrtor.ng of both 
LlSrJTns^^^ S "PPort wilcSype virus replication and the replication and 

rxTteS of the mutant virus in subsequent passages. As will be shown below, the CELO genome allows the insertion 
^ a ,?eL l.7 kb^seq^e beyonSthe wildtype genome size, thus the concern that i^uci^he luc^ase ca. 
sette itself might impair replication was not realized. The mutant viral genomes were excised from the plasm* and 
^^XiMHcells either alone, todetermine if the deletion removed essential DNA sequences or wrth a plasmd 
EEZL Son of Z CELO genome that spans the de.etion. to determine if complementation of ^deletion couW 
Sur Rve Ss after transfection. the cells were lysed. a portion of the lysate was assayed for lucrferase activity to 
nSn^niSon efficiency and a second portion was used to infect a fresh -o^aye^H After ano*er 5 
day period, the cells were monitored for cytopathic effect, lysates were prepared and assayed for lucrferase and a por 
tion was again used to infect fresh LMH cells. 
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b) Analysis of CELO left end 
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R, J£2 £ ZZ% " a '' ffie un ^ ue lrt ^ cao ^"c»s <»'e analyzed to, repllcaion func- 

to release me genome from the bacterial plasmid and transfected into LMH cells eShe^on "o, in fte orS^^ 1 

EZ^lSS" r r 31 from the ■** ZESZZESiZ X* 

Si mJIV^ S - aVera96 ° f transductions ^ standard deviations are indicated 
S * ™ mUtan1 (PAIM21) diSrupts on,y *"* of the unknow " OR** but leaves intact the dUTPase 

Example 3 

[0072] A portion of the CELO right end is dispensable 
so [0073] A similar mutational strategy was used for an initial analysis of the right end seauences of CELO th 0 
genome plasmid pAIM45 contains a large deletion from 33358-43684 TdeJetinVlO ORF^of S^m^olS ?' 

^'—'^^"P-rightend, -Bctoawv^^tt^j!*^^ 

Eo n^^T 5 PA '^ W6re transfected into cells either alone or with a plasmid bearing the wfldtvo 
CELO nght end sequences (pB 1 3.3). Unerase activity was obtained in lysates of the transfected Ss demor^g 
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10 



successful transfer (resu.ts not shown). Subsequent £~ *£ i^^^ESS SEE 
PAIM45, with the extensive right end deletion, was not capable of general^ .nfecbous ObL« pa ^ ^ 
Absence nor in the presence of the intact right end sequences ^^^^^^^^ by the 

for growth in chicken embryos (see Example 5). . . pCR -nai^s was per- 

^^^^^^^^^^^-^ 

amplified CELO AIM46 virus. 

[0076] The primers used for PCR are the following: 

OAIM 24: (CCGAGAATCCACCAATCGTA) is a sense oligo hybridizing in CELO right end (at nt 41699). 
OAIM25. (CAGCGTGTCGCTATACGCAA) is an antisense oligo hybridizing in the CELO right end (at nt 43752). 
OAIM26- (GCGATGACGAAATTCTTAGC) is a sense oligo hybridizing in the luciferase expression cassette. 

35 ure 4, lane 8). 
Example 4 

immunofluorescence analysis of CELO AIM46 vs. wildtype CELO replication 

[0081, Luciferasedatashowedthat CELO A.M46 can replicate ^^viSeT^usS 
Llyze more direct* the replication of CELO AMJ6t ^^^^^^^^^ ^ 3 
to infect LMH cells and the progress.on of v.rus infection ^onrtDredby mm u " monitoring the 

pc^ala^ 

S aS. culreTr^ion^CELO AIM 46 appears to repUcate with kinetics that are s,m,.ar to wrtdtype CELO. 
Example 5 

Growth of CELO AIM46 in chicken embryos 

,0082] * >he in** sfc** o. «. ««K WHC*«« us« *» ^S^SS 
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should also determine if CELO AIM46 was capable of growing in chicken embryos for practical considerations the low 

£f. 2E^,i!? nB °! 6mbryOS W0U,d fadlitate P roduction of < n ese viruses. Equal quantities of either wildtype 
CELO or CELO AIM46 were injected into the allantoic cavity of 9 day old chicken embryos. After incubation at 37 »C for 
SIT' th o e c f^ nt0lc "" ld _ *** ^rvested and virus was purified by banding in CsCI density gradients. Yields of purified 
r JS? ra " 9 01 49 10 0 9 019 per 699 °- 427 > m 9/egg) while CELO AIM46 yields were from 

a 1 19 to 0.828 mg per egg (average: 0.301 mg/egg; Table 3). The modifications introduced in CELO AIM46 appear to 
effect the growth of AIM46 in chicken embryos to only a modest extent. 

Example 6 

Physical stability of CELO AIM46 

I0083] A distinctive feature of the CELO virion is physical stability, most readily measured by resistance of the virion 
, temPeratUreS - WhHe mastader,oviruses such as Ad5 are inactivated by exposure to temperatures of 48'C 
and h.gher (4 8. 16). CELO was originally reported to be stable at 56»C (57) and subsequent isolates of the virus have 
been rep^edwrth stability at higher temperatures as well as to other harsh treatments (reviewed in 39). The molecular 
SUT-S^Sff^ h3S TOt b6en determined A component of the Ad5 capsid stability. pIX. has not been 
identified in CELO. Perhaps hexon or other capsid components have altered sequences which allow more stable pro- 
te.n/prote.n interactions. It is likely that this stability is important in the wild for CELO virus survival in the harsh avian 
erMronment. In any case, it was of interest to determine if the CELO recombinant vector retains the stability of the 
wildtype CELO virion. 7 

[0084] A recombinant adenovirus type 5 bearing a luciferase expression unit (Ad Luc) and CELO AIM45 were 
exposed to a heat titration (30 minute exposure to defined temperatures from 42 to 68"C). Subsequently, each sample 
was tested for its ability to transfer luciferase activity to either human A549 or avian CEF cells. Figure 6 shows the 
immunofluorescence assays monitoring the replication of wildtype CELO vs. CELO AIM46. LMH cultures were infected 
at 500 particles per cell with either CELO AIM46 (upper row) or wildtype CELO (lower row). Cell samples were fixed at 
the indicated times post-infection and production of CELO virion proteins was monitored by immunofluorescence using 
an antiserum againt CELO virion. a 

!I? 0, S?k o r6 ^ US ^ demonstrated for **• the virus capsid. and thus the transduction ability of the virus is sensi- 1 
tive to heat (4, 3, 16). Ad5 transduction of human cells declines by a factor of more than 100 when exposed to 43*C for 
30 minutes and is inactivated at 52'C and higher temperatures (Figure 6). In strong contrast, CELO AIM46 transduction 
ability is not affected by heating at 56°C and the virus only begins to lose activity when exposed to 60X for 30 minutes 
1. "25,^1 3t transduction wild *ype CELO displays similar heat stability indicating that the alterations 
introduced in CELO AIM46 do not significantly alter the virion's stability. 

Example 7 

CELO can transduce a variety of cell types 

40 ?SS!^ 'n ordering future applications, it is of interest to determine the types of cells that can be transduced by 
LvSfJJEXT* Panel 01 C ° mm0nly rnammalian and cw cken cell types was tested for their transducibility 
by CELO AIM46. For comparison, the Ad5 derivative Adluc carrying the same luciferase expression cassette was used 
The results for four of these cell types are presented in Figure 7 which shows the tropism of CELO vs. Ad5 The indi- 
cate! ceH types were exposed to a Ad Luc or CELO AIM46 at 1 0000. 3000. 1000. or 300 particles per cell (see methods 
section for the protocol for 24 well plate). At 24 hours post-infection, luciferase activity was determined. The values are 
?„! ? transductions with the standard deviations indicated Cells of avian origin (e.g. the chicken fibroblast 

ine CEFM) were transduced with nearly 100-fold greater efficiency with the CELO vector than with the human Ad Luc 
(Figure 7). Note that CEF38 cells do not support virus replication, so the difference between the Ad5 vector and the 
CELO vector cannot be ascribed to an amplification associated with virus replication and must be due to primary trans- 
duction or gene expression effects. In the human cell types tested. CELO worked comparable the Ad5 vector These 
jnclude the hepatoma line HepG2. the lung epithelial carcinoma line A549 and primary human dermal fibroblast (Figure 
7). Similar resuBs were obtained with the human carcinoma line HeLa. the murine myoblast line C2C12. and the canine 
epithelial line MDCK. 

[0087] In conclusion, it was found that CELO AIM46 is capable of transducing avian cells approximately 100-fold 
more efficiently than a human Ad5 vector. Surprisingly, CELO AIM46 is also transduces mammalian cell types with elf i- 
aencies comparable to an Ad5 based vector. 
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Example 8 

GFP expression from adenovirus and CELO vectors. 
5 100881 "me green fluorescent protein (GFP) has emerged as a useful marker for gene transfer ^^^^ 

Sen^ in transaction capacity between the CELO ana the MS EGFP v*uees wnen Mneduong human A549 telle. 

is Examp'e 9 

Further deletions of the CELO right end 

100891 A similar mutational strategy as in Example 3 was used to generate additional deletions in the right end 
Snces 0 fC^^eg^o me p ,asmid pAIM69 contains a deletion from 41523-43684, 

SnTeaSng frames that are affected in CELO AIM46. The genome plasmid pAIM70 conta,ns s jd.ghjy larger deWa.on 
w SaSHnd disrupts the same two ORFs as AIM46 and AIM 69 plus one additional ORF. Analys.s was per- 
Sm^afouS fn Example 3 4ure 2B. exceptthatthe right end complementing plasm* pB13.3 was used .np ace 
oT*f P S 5* ^ M i^eled "plus right end"). Both mutant genomes included a ludfe-ase cassette ,n place of the 

?o1Sof ^dAImS and DAIM70 were transfected into LMH cells either alone or with a plasmid bearing the wildtype 
SS5 riJ XwmS 3 3 Luciferase activity was obtained in lysates of the transfected cells demonstrating 
S^lSSSS^P^ of the materia, on fresh LMH ^Sl^ 

of CELO. The additional open reading disrupted in AIM70 is apparently also d.spensable for cell culture growth. 
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Table 1 



5 


Plasmtds used ir 


i CELO recombinant construction. 




r*iasiiiiQ name 


CELO left end 
sequences 


CELO right end 
sequences 


Comments 


10 


PW0-H35 


1-1601 


42845-43804 


Left and right terminal CELO Hindlll frag- 
ments cloned with flanking Spel linkers in 
pBR327 




pB5.5 


1 *^n«a 

I -OOUo 




Left terminal CELO Hpal fragment in 
pBluescript 


15 


pB13.3 




30502-43804 


Right terminal CELO HDal fraament in 
pBluescript 




pWOHpa 


1-5503 


30502-43804 


Left and right terminal CELO Hpal frag- 
ments, with flanking Spel linkers in 


20 


pAIM3 


1-5503 


30502-30643 
40064-43804 


pWOHpa derivative (removal of Asp718 
fragment) 




pAIM7 (luc*) 


1-1069 


30502-30643 


pWOHpa derivative transfer vector for 


25 




4339-5503 


40064-43804 


pAIM11 


pAIM16(luc) 


1-2981 


30502-30643 


pWuHpa derivative transfer vector for 






4339-5503 


40064-43804 


pAIM21 




pAIM22 (luc) 


1-940 


30502-30643 


pWOHpa derivative transfer vector for 


30 




2303-5503 


40064-43804 


pAIM25 




AIM23 (luc) 


1-1069 

OCQ1 CCAO 

tool -ooOo 


30502-30643 
40064-43804 


pWOHpa derivative transfer vector for 
pAIM26 


35 


pAIM24 (luc) 


1-1689 
2903-5503 


30502-30643 
40064-43804 


pWOHpa derivative transfer vector for 
pAIM27 




pAIM43 (luc) 


1-5503 


30502-30643 
40064-43804 


pWOHpa derivative transfer vector for 
pAIM45 


40 


pAIM44 (luc) 
pAIM52 (EGFP) 


1-5503 


30502-30643 
40064-43804 


pWOHpa derivative transfer vector for 
pAIM46 

transfer vector for homologous recombi- 
nation with pAIM44 


45 


luc* = luciferase 









so 
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Table 2 



Plasmids containing CELO variants 


CELO genome con- | 


Celo sequences deleted 


Replication in LMH cells 


struct 






CELO Left end 




pAIM1 1 


1065-4334 (3269 bp) Aatll+Ncol 


Defective, cannot be complemented 


pAIM25 


938-2300 (1362 bp) Eco47-3 


Defective, can be complemented 


pAIM26 


1065-2681 (1616 bp) Aatll+Sphl 


Defective, can be complemented 


pAIM27 


1687-2900 (1213 bp) PmaCI 


Defective, can be complemented 


pAIM21 


2981-4334(1353 bp) Styl 


Defective, cannot be complemented 


CELO Right end 


pAIM45 


33358-43684 (10326 bp) EcoRV 


Defective, cannot be complemented 


pAIM46 


41731-43684 (1953 bp) EcoRV 


Replication competent 


pAIM53 






pAIM69 


41523-43684 (2161 bp) Pvull-EcoRV 


Replication competent 


pAIM70 


40065-43684 (3619) Asp718+EcoRV 


Replication competent 



Table 3 



Yield of CELO virus from eggs. 1 




Virus type 


Preparation # 


yield (mg CsCI 
purified virus) 2 


number of eggs 


virus per egg (mg) 


average yield per 
egg (mg) 


wildtype CELO 


1 


1.80 


2 


0.90 


0.427 


wildtype CELO 


2 


0.496 


2 


0.248 




wildtype CELO 


3 


0.345 


2 


0.173 




wildtype CELO 


4 


1.33 


2 


0.665 




wildtype CELO 


5 


5.96 


40 


0.149 




CELO AIM 46 


1 


1.66 


2 


0.828 


0.301 


CELO AIM 46 


2 


0.133 


1 


0.133 




CELO AIM 46 


3 


0.247 


1 


0.247 




CELO AIM 46 


4 


0.618 


2 


0.309 




CELO AIM 46 


5 


0.340 


2 


0.170 




CELO AIM 46 


6 


0.237 


2 


0.119 





TwiUtype CELO or CELO AIM46 (8 x 10 8 particles in 1 00 ul of HBS) were injected into the allantoic cavity of 9 day old 
chicken embryos. After 4 days of incubation at 370°C, allantoic fluid was harvested and virus was purified by band.ng .n CsCI 
density gradients as previously described (9). . . _ .„ 

2. Th virus yield is expressed as purified virus protein. Protein was measured by Bradford assay using bovine serum albumin 

as a standard. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Boehringer Ingelheim International GmbH 

(B) STREET: Binger Strasse 173 

(C) CITY: Ingelheim am Rhein 

(E) COUNTRY; Germany 

(F) POSTAL CODE ( ZIP) : 55216 

(G) TELEPHONE: 06132/172282 

(H) TELEFAX: 06132/774377 



(ii) title of invention: Recombinant CELO virus and 

CELO virus DNA 



(iii) NUMBER OF SEQUENCES: 3 



(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CCGAGAATCC ACCAATCGTA 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
75 CAGCGTGTCG CTATACGCAA 20 
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25 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GCGATGACGA AATTCTTAGC 20 

35 

Claims 

40 1 . Recombinant CELO virus or CELO virus DNA characterized in that the region spanning nucleotides 41 731-43684 
of the wild type CELO virus genome is deleted. 

2. The recombinant CELO virus or CELO virus DNA of claim 1 characterized in that the deletion spans the region nt 
41523-43684. 

45 

3. The recombinant CELO virus or CELO virus DNA of claim 1 characterized in that the deletion spans the region nt 
41002-43684. 

4. The recombinant CELO virus or CELO virus DNA of claim 1 characterized in that the deletion spans the region nt 
50 40065-43684. 

5. The recombinant CELO virus or CELO virus DNA of any one of claims 1 to 4 characterized in that it contains, in 
addition to the deletions defined in claims 1 to 4. a deletion spanning nt 794-1330. 

55 6. The recombinant CELO virus DNA of any one of claims 1 to 5 contained on a plasmid that can be replicated in pro- 
caryotic or eucaryotic cells. 

7. The recombinant CELO-Virus or CELO virus DNA of any one of claims 1 to 6 characterized in that it contains a for- 
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eign DNA insertion in place of the deletion(s). 

8. The recombinant CELO-Virus or CELO virus DNA of claim 7 characterized in that it contains the foreign DNA inser- 
tion in place of the deletion as defined in any one of claims 1 to 4, and/or in place of the deletion defined in claim 5. 

9. The recombinant CELO virus or CELO virus DNA of claim 7 or 8 characterized in that the foreign DNA encodes an 
antigen derived from an animal pathogen. 

10. The recombinant CELO virus or CELO virus DNA of claim 9 characterized in that the pathogen is avian. 

11. The recombinant CELO virus or CELO virus DNA of claim 7 or 8 characterized in that the foreign DNA encodes a 
human protein. 

12. The recombinant CELO virus or CELO virus DNA of claim 1 1 characterized in that the DNA encodes a therapeuti- 
cally active protein. 

13. The recombinant CELO virus or CELO virus DNA of claim 12 characterized in the foreign DNA encodes an immu- 
nostimulatory protein. 

14. The recombinant CELO virus or CELO virus DNA of claim 13 characterized in that the immunostimulatory protein 
is a cytokine. 

15. The recombinant CELO virus or CELO virus DNA of Claim 11 characterized in that the foreign DNA encodes a 
tumor antigen or a fragment thereof. 

16. The recombinant CELO virus or CELO virus DNA of claim 1 1 characterized in that the foreign DNA encodes an 
antigen derived from a human pathogen. 

17. A method for producing the recombinant CELO virus of any of claims 1 to 16 characterized in that the deletion(s) 
and optionally insertion(s) are carried out on plasmid-borne CELO virus DNA and that the recombinant CELO virus 
DNA is introduced into a host that supports virus replication. 

18. The method of claim 17 characterized in that the host is a primary cell or a cell of an immortalized cell line. 

19. The method of claim 1 7 characterized in that the host is an avian embryo. 

20. The method of claim 1 7 characterized in that cells defined in claim 1 8 are transfected with CELO recombinant virus 
DNA and kept in culture to produce a quantity of virus and that said quantity of virus is injected into and amplified 
in an avian embryo. 

21. The method of claim 20 characterized in that the embryo is chicken. 

22. A vaccine against an infectious disease of an animal comprising CELO virus of claim 9. 

23. A vaccine against an infectious disease of a bird comprising CELO virus of claim 10. 

24. A vaccine against an infectious disease of a human comprising CELO virus of claim 16. 

25. A pharmaceutical composition comprising a CELO virus of daim 12. 

26. The CELO Virus of any one of claims 13, 14 or 15 for the manufacture of a tumor vaccine. 

27. A method for producing a recombinant protein of interest characterized in that the recombinant CELO virus of claim 
7, wherein the foreign DNA encodes the protein of interest, is introduced into avian embryos and the virus is 
allowed to amplify to produce the protein of interest and the protein is recovered. 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5/1 
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Fig. 5/2 
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Fig. 6 
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Fig. 7 




BNSOOCID: <EP 100103QA1_L> 



29 



EP 1 001 030 A1 



Fig. 8 
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Fig. 9 
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